To generate body mass index (weightaheight 2 (kgam 2 ), BMI) reference values for 0 to 45-y-old Danes and compare these with published European reference values. SUBJECTS: A national sample used to generate the current Danish height and weight reference (29 106 measurements made 1965 ± 1977; age 0 ± 21 y; sample I), and four samples from Copenhagen (3391 measurements made 1981 ± 1985; age 7 ± 45 y; samples II ± III and 2608 measurements made 1991 ± 1994; age 6 ± 45 y; samples IV ± V). DATA ANALYSIS: Using the LMS method, Danish BMI reference values by age and sex were constructed from samples I and II. These were compared with BMI reference values from Sweden (age 6 ± 16 (girls) or 6 ± 19 y (boys)), Germany (6 ± 19 y), UK (0 ± 23 y), and France (0 ± 87 y). Two recently examined but smaller Danish cohorts (samples IV and V) were compared with the reference values to assess the secular trend in BMI. 
Introduction
Body mass index (weightaheight 2 (kgam 2 ), BMI) is considered the best available weight ± stature index in both children and adults, regarding independence of stature, correlation with body fat, and prediction of mortality. 1 BMI is measured simply, cheaply and without discomfort. Therefore, BMI is frequently used as a measure of over-or underweight both in clinical medicine and in research. 2, 3 BMI varies considerably with sex and age, particularly before adulthood. Therefore, a measured BMI must be compared with adequate sex-and age-speci®c reference values, for example expressed as Z-scores. 2 The BMI of individuals is best compared with solid national reference values, but generally accepted BMI reference values for Danish children, adolescents and young adults are not available. In research, BMI data from different countries will often need to be compared, and this is more simple if a common set of BMI reference values is used and due allowance is made for national differences. The European Childhood Obesity group has recommended 2 that the French BMI reference values 4 are used for such comparisons.
The aims of the present study were to generate BMI reference values for 0 to 45-y-old Danes, to compare these reference values with published European reference values, and to compare the BMI of recently examined Danish cohorts with the different reference values.
Methods

Danish population
Data on 36 364 measurements were derived from ®ve surveys including 19 774 persons. 5 ± 10 Measurements on persons with a birth weight below 2500 g were excluded from samples Ia and Ib and measurements on persons younger than 6 y were excluded from sample IV, leaving a total of 35 105 measurements from 19 209 persons for analysis (Table 1) . Sample Ia was a longitudinal study where participants were measured at ages 0 and 5 weeks, 5, 10 and 15 months, 2 y and yearly thereafter until 7 y of age (National Board of Health recommendation). Birth weight and an average of approximately two more measurements per child were available. Most persons in sample Ib were measured twice approximately one year apart. Samples II ± V were cross-sectional studies.
Samples Ia and Ib were originally carefully selected to be representative of Danish infants, children and adolescents. 5, 6 Samples II, III and V were from The Copenhagen City Heart Study. Samples II and V are considered representative of the Copenhagen population. 11 As the main focus of The Copenhagen City Heart Study was on cardiovascular disease and risk factors for this, the samples of adults were age-strati®ed with the main focus on 35 to 70-y-olds. 8 For example, sample II included 5% of the 20 to 29-y-olds in the background population, 7% of the 30 to 34-y-olds, 12% of the 35 to 39-y-olds and 45% of the 40 to 45-y-olds. 8 Sample IV was a convenience sample from ®ve schools in Copenhagen. 9 
Non-Danish reference values for BMI
The reference values for BMI given in Table 2 were selected for analysis because they originate in countries near Denmark 12 ± 14 or have been recommended by the European childhood Obesity Group. 2, 4 All reference values were modelled using the LMS method. 15 
Data analysis
The LMS method 15 summarises the distribution of the dependent variable (for example, BMI) at each age by its median (M) and coef®cient of variation (S), plus a measure of skewness based on the Box ± Cox power (L) required to transform the data to normality. These three quantities depend on age. A BMI value can be converted to a Z ± score according to
Exact decimal age was calculated from the dates of birth and measurement. The height, weight and BMI of samples I, II and III were modelled using the LMS method and compared. Then samples I and II were pooled and the BMI of the pooled cohort was modelled using the LMS method. The sexspeci®c L, M and S curves for BMI of sample I and the pooled cohort were smoothed with 5, 15 and 8 degrees of freedom, respectively, after a 0.1 power transformation of age. 16 The new Danish BMI reference values and the non-Danish BMI reference values in Table 2 were then compared graphically (as 2.3rd, 16th, 50th, 84th and 97.7th centiles). In addition, BMI Z-scores for the pooled Danish cohort (samples I and II) were calculated from the non-Danish reference values BMI Z-scores at birth and 5 weeks of age were substantially lower than at older ages. BMI Z-scores at 5 months of age were also considerably lower than the following measurements according to the UK, but not the French, reference values.
From 5 months to 5 y of age, average BMI of the Danish cohort did not differ signi®cantly from the UK reference values but was slightly above the French reference values for both genders (Table 3, Figure 2 ). The variance was slightly but signi®cantly larger in the Danish cohort than predicted from the UK and French reference values (Table 3) .
From 6 to 18 y of age, the average BMI of the Danish cohort was signi®cantly below the Swedish, German, and UK reference values for both genders (Table 3, Figure 2 ). Differences tended to be larger for higher centiles and in older persons. The average BMI of the Danish cohort was signi®-cantly above the French reference values for females (Table 3, Figure 2 ). For both genders, the BMI variance of the Danish cohort was slightly but signi®cantly smaller than predicted from the Swedish, German, and UK reference values and slightly larger than predicted from the French reference values (Table 3) .
From 19 to 22 y of age, for both genders, the average BMI of the Danish cohort did not differ from the French reference values but was signi®cantly below the UK reference values ( Table 3 ). The number of Danish persons in this age group was, however, small. The BMI variance of the Danish cohort did not differ signi®cantly from that of the UK and French reference values (Table 3) .
From 23 to 45 y of age, the average BMI of the Danish cohort was slightly above the French reference values in both genders but particularly in women (Table 3, Figure 2 ). Danish women had a smaller BMI variance and Danish men a larger BMI variance than predicted from the French reference values (Table 3, Figure 2) .
At all ages, Danish females tended to have a higher BMI Z-score than Danish males based on the Swedish, German and French reference values (Table 3) . For the UK reference values, the opposite tendency was seen.
In the Danish samples examined more recently (samples IV ± V), from 6 to 18 y of age, the average BMI was signi®-cantly above the German, French and Danish reference values in females, but not in males ( Table 4 ). The BMI variance of the Danish males was signi®cantly larger than predicted from the French reference values (Table 4) . From 23 to 45 y of age, the average BMI of the Danish sample examined more recently was slightly but signi®cantly above that of the French reference values in both genders but particularly in women (Table 4) . Danish women had a smaller BMI variance and Danish men a larger BMI variance than predicted from the French reference values ( Table 4) . The average BMI and the BMI variance of the recently examined Danish adults did not differ signi®cantly from the Danish reference values. For both genders combined, 
Discussion
Interpreting BMI BMI is frequently used as a measure of over-or underweight both in clinical medicine and in research. 2, 3 In children and adolescents, BMI varies considerably with sex and age. Therefore, it is important to compare BMI measurements with adequate sex-and age-speci®c reference values. 2 In adults, BMI increases with increasing age until middle age 4 and increased BMI is associated with increased morbidity and mortality. 18 Based on this association, the WHO classi®es a BMI of 18.5 ± 24.9 kgam 2 as normal, a BMI of 25 ± 29.9 kgam 2 as overweight or pre-obese, and a BMI of 30 kgam 2 or more as obese. 18 Corresponding cut-off values can not be identi®ed in children because children have less Clinical BMI data for adults should be straightforward to interpret by classi®cation according to the WHO cut-off values. 18 Clinical BMI data for children and adolescents could be compared with the new IOTF cut-off values. 20 If, however, longitudinal data are available, more information could be gained from plotting BMI values on (national) BMI growth charts. Upward centile crossings and values above the new IOTF cut-off values would both suggest that obesity prevention or treatment should be considered.
Research BMI data for groups of persons could be interpreted in several ways both for children and adults: the BMI of 0 to 45-y-old Danes K Nysom et al fraction of the group with BMI in the normal, the pre-obese, and the obese interval could be described. It may, however, also be useful to know whether the BMI of the whole group differed from that expected. To that end, BMI Z-scores calculated from national BMI reference values like the ones presented here would be useful. For example, when we analysed the BMI of survivors of childhood leukaemia, 21 we found it relevant to describe how many of the participants were obese (ie had increased BMI compared with recommendations), but we found that the main research question was whether, and to what extent, the BMI of the whole cohort of survivors was raised compared with the background population.
For international comparisons, either BMI cut-off values, 20 or internationally recognized BMI reference values, 4 or both could be used, depending on whether the comparison focuses on the prevalence of obesity in a cohort, the average BMI of a cohort, or both. It is a quality of the French BMI reference values that they are continuous from birth to 87 y of age and are frequently used by other groups. 2, 22, 23 BMI cannot determine the composition of the body mass, and thus cannot determine whether increased BMI is caused by big frame size, increased muscle mass, or increased fat mass. 24 In this respect, BMI is particularly poor for evaluating the position of non-overweight boys. 13, 25 Representativeness of the Danish samples No single, large, representative sample of Danes covering the age range from birth to middle age was available for our analysis, so we pooled data from different sources. Sample 1 was originally used for generating the current Danish height and weight reference and is considered representative of Danish infants, children, and adolescents. 5, 6 From 6 to 12 months of age, the length and weight of sample Ia 5 was, however, considerably above similar data from a dedicated study of growth during the ®rst year of life, 26 maybe because breast feeding was more frequent in the latter sample.
Samples II and V were randomly selected from the éster-bro region of Copenhagen for the Copenhagen City Heart Study. These samples are considered representative of the Copenhagen population. 11 Sample III was all 7 to 18-y-old children of sample II. We assume this sample is representative of children from Copenhagen, but this has never been formally analysed. The samples from Copenhagen are probably not perfectly nationally representative, but to the best of our knowledge, measured BMI is not available for a large nationally representative sample of young adult Danes, and we considered the ésterbro samples some of the best ones available. The French BMI reference values are also based on a combination of data from the whole country and from the capital ( Table 2) .
We included ésterbro children (sample III) in our analyses to explore differences in height, weight and BMI between national and ésterbro samples of children and adolescents. In the original national growth study, children from the capital were slightly taller than the remaining children 6 and we found the same tendency: sample III had height, weight, and BMI centiles slightly above those of sample I (Figure 1 ). This may be because children in sample III were from the capital only, because they were from a region of the BMI of 0 to 45-y-old Danes K Nysom et al capital with better socio-economic conditions, because of a secular trend, or because of a combination of these factors.
Danish vs other reference values
The considerably different BMI of sample I and the French and UK reference values at birth and 5 weeks of age may re¯ect population differences or differences in statistical modelling.
The difference between Danish and French reference values from 5 months to 5 y of age was mainly caused by a lower peak in BMI at 1 y of age according to the French reference values, whereas the shape of the curves was very much the same. The infancy peak in BMI occurred earlier according to the UK than according to the Danish reference values. We have no good explanation for these differences, but they may re¯ect population differences, differences in age at measurement, or differences in statistical modelling.
From 6 to 18 y of age, all the selected reference values could be evaluated. The French reference values ®tted well with the Danish ones, except that the upper percentiles were higher in Danish girls than in French girls. This difference may be because of population differences or because, in this age group, the French data were from Paris whereas the Danish data were nationally based. The UK, Swedish and German reference values were all above the Danish reference values in this age group, mainly for the upper percentiles and in adolescents. This re¯ects that BMI variances were increased at all ages and that median BMIs were mainly increased during adolescence (Figure 2 ). This probably mainly re¯ects the fact that data for the Danish reference values were collected 10 ± 20 y before data from the other countries.
In adults, the higher BMI values according to UK than according to Danish reference values could either be because of secular trends or because estimates from the UK data were imprecise because of edge effects. French BMI data were systematically below Danish data, which may be population differences or may be because the French BMI data for adults were self-reported rather than measured.
The systematic differences between BMI Z-scores of Danish males and females based on foreign reference values probably represent population differences.
The secular trend in BMI The Danish BMI reference values presented here are based on data collected 20 ± 30 y ago. The BMI of Danish children, adolescents, and young adults has probably increased since then 18, 27, 28 (Table 4) , but in order to monitor the current epidemic of overweight and obesity it makes sense to use the same BMI reference values for decades. 29 For children and adolescents, the present Danish BMI reference values will ®t well with the Danish height and weight reference values currently in use 5 because the height, weight and BMI reference values are all based on the same data.
Statistical modelling of BMI
The distribution of BMI in the normal population is positively skewed. Consequently, it was an advantage that all the BMI reference values considered were based on the LMS method, 15 which allows adequately for a non-normal distribution of BMI.
Conclusion
We developed BMI reference values for 0 to 45-y-old Danes based on measurements made 1965 ± 1983. Except at birth and 5 weeks of age and in adult women, these Danish reference values agree fairly well with the widely used French BMI reference values. We recommend that clinical BMI data on adults are compared with the WHO cut-off values 18 and clinical BMI data on children and adolescents with the new IOTF cut-off values 20 and national reference values. Depending on the aims of a study, we recommend that research BMI data on children, adolescents and adults are compared with cut-off values andaor internationally recognized BMI reference values such as the French ones. 4 
